The space-time variation of phytoplankton pigments in the western Intra-Americas Sea (IAS), in the vicinity of the island of Cuba, is examined using digital images obtained with the Coastal Zone Color Scanner sensor flown aboard the Nimbus 7 satellite from 1978 to 1986. The results are compared to historical in situ hydrographic observations. A marked seasonality in pigment concentration was observed in waters around Cuba, with an average of 0.07 mg m -3 in summer (April-September) and 0.13 mg m -3 during winter (October-March). The range of variation in pigment concentration was larger in the Gulf of Mexico relative to the western Caribbean Sea. We identified four biogeographical areas on the basis of groups of pixels with similar patterns of time variability. These are area I: southwest of Cuba, Yucatan Channel, and Florida Strait; area II: central Gulf of Mexico; area III: east of Cuba; and area IV: central Caribbean Sea, south of Jamaica and Hispaniola. Two major meteorological events led to anomalies in the seasonal cycle of pigment concentrations. During E1 Nifio-Southern Oscillation (ENSO) of 1982-1983, positive anomalies were observed in the pigment concentration in the western IAS during winter months. This was associated with intense mixing of the water column by higher-frequency and stronger winds associated with cold fronts. ENSO 1982-1983 therefore had a fertilizing effect on the IAS region. Another positive anomaly was observed in 1980-1981, a non-ENSO period that featured higher hurricane and extratropical low-pressure activity. throughout the central-eastern Caribbean during boreal fall [Miiller-Karger et al., 1989; M•iller-Karger and Aparicio Castro, 1994]. There is little information available on the western Caribbean, however. Jromov [1967], on the basis of very few historical observations, concluded that plankton levels there are very low and seasonally invariant. One of the most important events that influence global climate is the E1 Nifio-Southern Oscillation (ENSO). Around Cuba, anomalies in atmospheric pressure, rainfall, and air temperatures have been linked to ENSO [C•rdenas and Naranjo Diaz, 2000a]. Some of the most obvious changes experienced in the IAS during ENSO are decreases in cyclone activity in summer and increases in extratropical storm systems in winter. CZCS data cover the 1982-1983 ENSO. Here we present evidence that maxima in the concentration of pigments in 1982-1983 in the western IAS coincided with this ENSO event, which was classified as one of the strongest of the century [Hanson and Maul, 1991]. 2. Materials and Methods 2.1. CZCS Image Processing The CZCS provides a measure of the solar irradiance reflected by the surface layer of the sea in several visible bands. These measurements of the color of the sea are empirically related to the near-surface concentration of phytoplankton pigments [see Morel and Prieur, 1977; Gordon et al., 1983a, b, 1988; Gordon and Wang, 1994; McClain et al., 1995; O'Reilly et al., 1998]. We estimated pigment concentration for the IAS 14,029
Introduction
There are surprisingly few studies that address patterns in the abundance of phytoplankton in the Intra-Americas Sea (IAS), which includes the Caribbean and the Gulf of Mexico. Perhaps this is because this semienclosed tropical basin is traditionally considered to be oligotrophic [Margalef, 1969; Conedor, 1977 ]. On the basis of studies of Coastal Zone Color Scanner (CZCS) satellite data, however, we know that the Gulf of Mexico undergoes pronounced seasonal variation in phytoplankton standing stocks. This seasonality is driven in summer by high stability of the water column (low pigment concentrations) and by convective cooling and stronger winds during winter (high concentrations) [Maller-Karger et al., 1991; Melo et al., 1995] . The southeastern Caribbean also experiences seasonal variability in pigment abundance, with wind-driven upwelling leading to high concentrations along its southern margin during boreal winter and spring. The widespread plume formed by the discharge of the Orinoco River leads to higher phytoplankton biomass and dissolved organic concentrations Given the extensive cloud cover that affected the region during the period of the operation of the CZCS, coherent patterns in concentration of pigment were difficult to observe in single or even weekly CZCS composites. Therefore images were averaged to derive 92 separate monthly means over the period of observation. We also derived mean trimester images (January-March, April-June, July-September, and October-December), incorporating each of the respective trimesters between 1978 and 1986 (Plate 1). Average "winter" (October-March) and "summer" (April-September) images and an overall mean of all images were also calculated (Plate 2). To help with visualization of the gradients in pigment concentration, we defined a palette with 256 colors, which shows maximum contrast for the range 0.04-2.25 mg m -3. Low concentrations are represented in the images as purple or blue, and areas with higher concentrations appear as green, yellow, orange, or red. Higher values in the IAS region are associated primarily with coastal or shallow shelf regions and are represented here in gray scale. The CZCS algorithm may overestimate the concentration of pigments on the continental shelves of Cuba, the Bahamas, and shallow regions near Florida. Field observations suggest that these waters are case II type [cf. Morel and Prieur, 1977] . Missing data or land areas are colored black and dark gray. To evaluate time variability in pigment concentration, we sampled 18 stations in each of the 92 monthly average images ( Figure 1 and Table 1) . At each station we extracted a 3 pixel x 3 pixel matrix of valid data (---12 km x 12 km). The time series provided pigment concentration mean, standard deviation, and range range (maximum and minimum) in the region (Table 1) . We computed a multiple correlation matrix to study the degree of similarity between the 18 stations. We used a frequency filter (12 month lag moving average seasonal decomposition filter) on each of the 18 series to remove the seasonal signal in an effort to examine interannual-scale variations.
Some of our sampling stations showed gappy time series. The gaps were more frequent in summer, probably because of cloud cover and increased chances of sunglint. An analysis of 79  85  65  75  67  72  78  78  62  78  56  67  44  39  69  66  78  16 cloud cover in the monthly images shows that the clouds' spatial distribution is random over much of the region. However, the Loop Current in the Gulf of Mexico tends to have more clouds than surrounding waters. We expect, nevertheless, that cloud distribution and lack of scheduled satellite CZCS image coverage had a minor effect on our conclusions on spatial or temporal patterns.
In Situ Observations
In situ measurements were collected within 200 nautical miles of the coast of Cuba at 80 stations during four cruises of the R/V Ulises. Two cruises were carried out during winter (October-November 1988 and February-March 1989), and two were carried out during summer (May-June and July 1989). Samples for phytoplankton taxonomy and biomass analyses were collected at the surface. Taxonomic analyses were based on 5-12 L samples filtered through nucleopore filters. Only cells > 10/•m were identified, using the method proposed by Sorokin [1979] . Pigment concentration (chlorophyll a) was estimated spectrophotometrically, according to Jeffrey and Humphrey [1975] Figure 5 ). This is the region for which we had the fewest images because of cloud cover and lack of scheduled CZCS image coverage (the instrument was rarely turned on over this area), and therefore it was harder to establish seasonal ranges in concentrations.
The 
Pigment Time Variability
During the first quarter of the year (January-March; Table  2 ............................................................................................................................   0  ', ', ', ', ', '• '• ', ', I I I ', ', ', ', ', I '• ', '• I 'l '• '• '• '• ', '• ', ', ', ', ', ', ', ', ', ', ', '• I I I I I I I I I I I I I ', I I I I I I I I I I I I I ', ', ', ', ', ', ', ', ', ', I ', I ', Figure 5 . Seasonal variation of the concentration of pigments in area IV. There are two meteorological phenomena that generally lead to strong winds within the study region. One is hurricanes, which occur in the Atlantic Ocean and in the IAS during summer. The hurricane season is June 1 to November 15, although cyclones can occur outside this period [Ortiz, 1975] . September and October are the most active months for cyclones affecting the marine environment around Cuba. The other important phenomenon is cold fronts that affect the northwestern IAS in winter. These fronts are characterized by an advance of cold and dry air from the North American continent. Winds associated with these fronts are very forceful and can occasionally reach hurricane strength, mixing waters along the northern coasts of Cuba vigorously. These frontal systems occur from October through April, although some have occurred in September and May. The highest frequency of front-related storms is in December-February, with a maximum in January. The average number of cold fronts affecting Cuba is of the order of 20 each year [Rodriguez et al., 1984] . Typically, 84% of the fronts are of moderate intensity, and their frequency decreases from west to east.
To examine the impact of these meteorological phenomena on the concentration of pigments in the western IAS, we use the biogeographical zoning (Figure 1) 
defined earlier on the basis of the time series of pigment concentrations. Area I was subdivided into subregions I-a, I-b, and I-c, representing areas of influence of the intense meteorological factors.

Hurricanes
We reviewed the occurrence of cyclones between 1978 and 1986 using synoptic charts of trajectories from INSMET. During the life of the CZCS, we found the following: A total of 16 disturbances occurred in 1978; 5 were limited to tropical depression and 11 spun up to hurricanes. However, none of these were registered in our study areas. The next year, 1979, was an average season (6 depressions and 8 hurricanes), but significant impact was felt in the IAS. Most storms developed be- 00 -86•.00 -84,00 -82,00 -80.00 -78.00 -76,00 -74 
Meteorological Frontal Systems
The frontal systems in 1978-1986 were examined using synoptic weather maps on file at INSMET. From 67 winter seasons analyzed the annual average number of cold fronts that affected Cuba was 19.9. In winters 1980-1981 and 1982-1983 the incidence of cold fronts increased above the norm, with 48 and 43 cases, respectively. The cold fronts we identified for 1979-1986 winters within the biogeographic areas are shown in ]. We hypothesize that the increased frequency of storms associated with such cold fronts led to the high concentration of pigments observed for these two winter seasons (1980-1981 and 1982-1983) . The effect is very pronounced in the region dunging the ENSO event of 1982-1983. Bottomley et al., 1990] . For our study area around Cuba (Figure 1), during the CZCS  period (1978-1986) , marked positive anomalies in SST were observed in 1980-1983 (-0.10ø-0.27øC; Figure 10) . The peri- ods 1977-1978, 1982-1983, and 1986-1987 are classified as ..............................   "'*•-,,,• ......   -0.04 j ............................................... .............. :;:/..•--" ................................. ......................... • t'a•-rrb•r• ....................... ? ........ •:".• ........................ •-AREA III . .... .. :; ....... ............ ............. ..... ] Alien ' .......... -B •/' ..... 1---•  n'n.•,,.• • •lena   ....................... ........... ....... .......   ...........  ............ 3-4 (5øN-5øS, 120ø-170øW) . The Southern Oscillation is defined by the pressure difference between Darwin (12.4øS, 139øW) in northern Australia and Tahiti (17.5øS, 149.6øW) in the South Pacific [Trenberth, 1984] . bHighest correlation.
Variation of the Sea Surface Temperature
On the basis of World Meteorological Organization (WMO) reports [WMO, 1996] the period 1978-1986 was characterized by positive global SST anomalies [
•Statistical significance at a = 0.01.
around 5-10 cm in the western Pacific between January and March of 1982 mark the initiation. He also reports drastic anomalies in sea level (of up to + 17 cm) in the western Pacific in July 1982. This period coincides with the point at which pigments start rising in the western Caribbean Sea and the Gulf of Mexico (Figure 8) . To examine the relationship between variations in the concentration of pigments in our study area and ENSO, we used an empirical index (INDI) [C•rdenas and Naranjo Diaz, 2000b] to quantify the correlation between the monthly SST anomalies (derived from the National Center of Environmental Predictions data) in the Nifio 1-2, Nifio 3, Nifio 4, and Nifio 3-4  areas (ANIN12, ANIN3, ANIN4, and ANIN34, respectively) , SST anomalies in the North Atlantic (5ø-20øN, 30ø-60øW ) (ANNATL), in the South Atlantic (0ø-20øS, 10øE-30øW)  (ANSATL), and in the tropical belt (10øS-10øN, 00-360 (ANTROP) with the monthly anomalies of pigments (PZi]) for areas obtained from the CZCS images (Table 6) . We found maximum correlation for "0 month lag" between the monthly anomaly of surface pigment concentration for areas in the Caribbean Sea and the Gulf of Mexico and ENSO events and with the monthly anomaly of SST in ANIN3 in the Pacific Ocean. ENSO anomalies may precede the pigment anomalies in the IAS by at least 3 months (Figure 11) .
The pigment concentration anomaly in 1980-1981 seems to be primarily related to an extended stormy winter season. However, in 1980-1981 we also observed an intensified cyclone season that included Hurricane Allen (one of the most intense in the century), and this may have initiated the positive pigment anomaly. The pigment anomaly of 1982-1983 is related to an ENSO of great intensity. Over this period, cold fronts reached the region with almost twice the frequency of previous years, and more low-pressure systems formed in the Gulf of Mexico and traveled farther to the south than normal, causing high winds in our study areas. Figure 9 shows the relationship between the time variation of pigment concentration at station 10 in the Gulf of Mexico and the occurrence of intense meteorological phenomena (tropical hurricanes and cold frontal systems). We also compared the pigment series to wind speed at National Data Buoy Center buoy station 42003 in the Gulf of Mexico (Figure 12) . The relationship between the wind and pigment concentration is clear. Hurricanes and cold frontal systems in the region stimulate brief but intense winds, waves, and rain and therefore increase the vertical mixing of the photic layer and fertilize it. The 1982-1983 ENSO event significantly decreased the primary productivity in the oriental Pacific. According to Chdvez and Barber [1985] the losses in biomass in the 300 days that the event lasted were of around a gigaton. The consequences for the northwestern Caribbean and the Gulf of Mexico were, in contrast, an increase in the pigment concentration (phytoplankton biomass) of the upper layers. 
Conclusions
CZCS images confirm the seasonality in phytoplankton con
